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Abstract
The Water and Waste Water (WWW) industry is critical to the development of and the
contribution to the economic growth of a country. Water is a scarce resource that requires
careful usage and conservation. Water usage generates wastewater, which is collected and
treated for reuse to minimize the continuous use of fresh water. The facilities that are
designed to treat WWW are required to operate continuously to meet the demand
requirements for water. These facilities face challenges of high-energy demands and
unexpected failures of the equipment used in the treatment process. It becomes necessary
to consider seriously the optimization of the limited available energy and maintenance to
enable sustainability of the supply of fresh water, and the reduction of operating costs and
carbon dioxide (CO2) emission.
The industry is driven to employ technologies that provide decision makers and
management with real-time information to make effective decision. The real-time information
needs of decision makers are met using digitalization. The information specific to energy
consumption provided by an energy management system should be integrated with
Enterprise systems. This integration bridges the separation of the systems, thus enabling
convenience and access to monitoring data, which enable decision makers and
management to optimise energy.
Information sharing practice between WWW end-users and strategic partners is increasingly
necessary to unlock the value of the data collected by sensors. The sensors are installed in
the low voltage power distribution switchgear to monitor energy consumption and control the
energy/power to achieve the energy consumption target. The smart wireless sensors are
installed on the low voltage pumps and motors to monitor the condition, optimise energy
efficiency and improve reliability of pumps and motors to minimise downtime and reduce
maintenance cost.
This research conducts a review of three large WWW utilities in Gauteng (GT) province of
SA, which are considered representative of the industry, to assess energy utilisation,
operations and maintenance management and energy saving practices. The key findings or
results of this study indicate that the maximum energy demand is exceeded; energy
monitoring practices are not employed to prevent exceeding the energy consumption target;
energy-intensive equipment is used for treatment processes; and predictive maintenance is
not applied.
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The study proposes solutions to optimise the results by integrating the separated systems
with the Enterprise software system using Industry 4.0 in the WWW industry. The proposed
systems to be integrated with the Enterprise software system are Energy Management
System/Load Management System (EMS/LMS), Condition-Based Maintenance (CBM)
system and Variable Speed Drive (VSD) system. These systems are not intended to affect
the environment and conform to applicable environmental standards and requirements. The
results obtained by proposed systems are summarized:
 The proposition of the EMS/LMS provides the potential opportunity of energy and
management optimisation when the non-critical loads are disconnected to prevent
exceeding the energy consumption target. The disconnection of non-critical loads
from the supply during maximum energy demand reduces the energy demand of the
Sub-System A1 by 19.6 kW.
 The results obtained by using a proposed CBM system illustrate the potential
opportunity of significant cost savings when downtime is reduced from five hours to
two hours for System B water purification plant.
 The proposition of the VSD system provides the potential opportunity of 62% energy
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A brief introduction of the background information on WWW is provided in this chapter. This
chapter also presents the research aim, objectives, the problem statement, research
questions and methodology.
Over 80% of wastewater is generated by the population in urban areas of the developed
countries in the world. Furthermore, 90% or more of wastewater is derived from developing
countries and is not saved and treated for reuse to reduce the continuous use of freshwater
(Connor, 2015). SA is a growing country that experiences water shortage. It is, therefore,
essential to collect and treat wastewater to increase and sustain water availability to bring
about social, financial and economic development benefits (Cullis et al., 2018). One of many
challenges of wastewater management in developing countries is the failure of municipalities
to include water quality and infrastructure planning (Cullis et al., 2018). Focusing on water
quality and infrastructure planning enables decision makers to successfully deal with
challenges associated with poor water quality and the increase of informal and urban
development that demand increase of water supply (Cullis et al., 2018).
According to 2017 data (The Head Official of Treasury, 2018), GT province in SA is densely
populated with the largest provincial population of 14.3 million people. There is growing
concern about the increased usage of water resources and the subsequent high volumes of
wastewater that is created. The infrastructure and the capacity demand to handle, treat, and
discharge the treated effluent into the waterbodies are insufficient. The poor maintenance
procedure of the existing infrastructure to enhance water quality and manage the capacity




Water demand is on the rise, while water is becoming increasingly scarce. It is estimated
that about 640 million people worldwide do not have access to enough clean and harmless
drinking water for household use (Viljoen & Van der Walt, 2018). The demand is expected to
grow gradually such that by 2030 the water resources will fall by 40% and force the world
population to deal with the shortages of water. The aim of wastewater treatment is to sustain
water availability, which is exacerbated by serious drought conditions, ineffective water
conservation plans and insufficiently and poorly maintained aging WWW infrastructure
(Viljoen & Van der Walt, 2018).
Municipalities experience challenges to effectively manage and continuously produce
volumes of appropriately treated effluent. In most cases, these efforts have been prevented
by unexpected breakdown of equipment, high power demands, and poor operations and
maintenance procedures (Wang et al., 2014).
In the literature study on Digitalisation of maintenance, Jantunen et al. (2017) assert that the
emergent Information and Communication Technology (ICT) has made it possible for
maintenance to follow the direction of digitalisation and Industry 4.0, with special reference
to a condition based maintenance (CBM) strategy. With CBM, “the equipment is monitored
with the support of ICTs to detect failures before they occur” (Jantunen et al., 2017:343).
Moreover, the price reduction of sensors and data processing system makes it feasible for
almost all sizes of organisations to accept digitalisation and Industry 4.0.
In an investigation of the acceptance of digital technologies in the process industry,
particularly the WWW industry, Stoffels and Ziemer (2017) found that the utilities are not
ready due to the lack of internal knowledge of digitalisation. This confirms that the use of
digitalisation in the WWW industry and the application of digitalisation for maintenance are
gaining research interest.
In examining similar studies to this study, a few studies conducted in the Western Cape
(WC), GT and other provinces of SA concerning the potential of energy and maintenance
cost minimization, do not consider the digitalisation concept. Gobin et al. (2019) conducted a
study in the WC and considered the employment of renewable technologies such as
photovoltaic and wind turbines to minimise energy consumption and CO2 emission in the
WWTP. Musvoto and Ikumi (2016) conducted studies in GT province, in the City of Tshwane
and Ekurhuleni, and considered automation control of the equipment to bring about energy
saving in the WWTPs. It is, therefore, evident that little or no consideration has been given to
3
using digital products and solutions to minimise energy and maintenance cost in the WWW
industry.
The problem is that within the overall digitalisation and digital solution research literature,
little or no attention has been given to the application of digital products and solutions in the
WWW industry.
1.3 Research Questions
It is essential that the application of digital products and solutions in WWW to monitor and
minimise energy consumption and prevent plant downtime be investigated to fill the existing
gap, so that it is possible to address effectively challenges previously mentioned.
Considering the prior mentioned challenges, this study is focused on investigating the WWW
industry in SA, particularly focusing on areas of energy and management, maintenance and
energy saving practices.
The following formulated questions are centred on the research background and the
research problem to obtain information and highlight the potential use of digital products and
solutions.
1. What are the emergent and thematic global energy and data management practices in
the WWW industry?
2. What are the opportunities for the application of digital solutions in SA?
3. What is the quantitative impact of the application of digital solutions in the WWW
industry?
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1.4 Research Aim and Objectives
1.4.1 The research aim
The aim of this research is to investigate the application of digital products and solutions in
the WWW industry.
1.4.2 The research objectives
In order to achieve the overall aim of this research, the following key objectives are
considered:
 To conduct a comprehensive literature review as related to the research topic.
 To gather information from WWW utilities.
 To perform data analysis and interpret the findings.
 To provide the summary, limitations and recommendations of the research.
1.5 Research Design
The specific research method and the design of this study are discussed in more detail in
Chapter 3.
1.6 Research Rationale
This research contributes to the improvement and sustainability of water resource
management with the aim to ensure that water losses are minimised using digitalisation
concept to enhance maintenance and increase transparency of the water treatment
processes. The research also attempts to engage researchers, decision makers and
management to reflect on digital solutions to improve the efficiency of the limited available
energy/power for sustainability. The research is motivated by the interest to gain insight into
the technological advancement in the WWW industry regarding energy and management,
predictive maintenance and energy savings based on digitalisation concept.
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1.7 Research Structure
The research structure outlines the approach that is chosen to present the research
information and is illustrated in Table 1.1.
Table 1. 1: Research structure.
Chapter Description
1 This chapter provides the background information of this study, the
problem statement, aim and objectives, research method and rationale of
the research.
2 This chapter focuses on a comprehensive review of literature from
internationally recognised journals, articles, e-books, master’s
dissertations, and open access scientific repositories on digitalisation and
WWW as related to the research title.
3 This chapter provides the research method and the approach to meet the
aim and objectives of this research.
4 This chapter analyses information from collected data, presents a
discussion of the results, and proposes systems to resolve the results.
5 This chapter provides a summary discussion of the key conclusions,
interpretation of the findings, limitations and recommendations.
1.8 Summary
It is clear that developing countries require sufficient resources and capacity to collect and
treat wastewater in order to reuse treated wastewater to reduce high dependence on
freshwater (Connor, 2015). This will improve the sustainability of water resources availability
required for economic development of a country (Cullis et al., 2018).
Digitalisation and industry 4.0 have capability to assist with effective management of WWW
infrastructure to support the continuous treatment processes to yield quality water. The
emergent Information and Communication Technology (ICT) provides the opportunities for
maintenance of WWW equipment to be based on digitalisation and industry 4.0 concept,
where the equipment is monitored by sensors and the information about incipient failures are
reported (Jantunen et al., 2017).
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1.9 Conclusion
This chapter explains the problem statement and provides a discussion of the aim and
objectives of this research. The next chapter reviews the research articles pertaining to
WWW, as well as the digitalisation and associated technologies, such as cloud computing,
big data, cybersecurity and digital products and solutions, to provide the theory and models
to support the aim of the research.
7
Chapter 2: Literature Review
2.1 Introduction
This chapter explores and reviews various scientific journals and articles about WWW and
digitalisation, including related Industry 4.0 technologies, such as cloud computing, big data,
cybersecurity and digital products and solutions.
WWW treatment plays a big role to increase the availability of freshwater, and the processes
that are employed are discussed in the following section. Digitalisation enables the smooth
flow of information required by management to make effective decision on the management
of water and energy resources, and the industry 4.0 technologies used in the WWW
treatment are also discussed in the following sections.
2.2 Water and Waste Water Treatment
2.2.1 Introduction
Wastewater treatment is a critical area that requires monitoring and control as wastewater
directly affects public health and the environment, and indirectly affects the water required
for drinking purposes in the river systems. Wastewater treatment mitigates the suspended
solid particles and organic matters and removes quantities of nitrogen and oxygen in the
wastewater (Carp et al., 2013). Considering the growth in population and industries, the
demand for freshwater has become increasingly critical in SA and even more in some other
African countries where low volumes and shortages of rainfall are pervasive. The massive
volumes of wastewater are generated because of the increased demand for fresh water,
especially in heavily populated areas, such as the GT province in SA (Teklehaimanot et al.,
2015).
Wastewater is the liquid waste produced by industries during processing, and the domestic
waste is the liquid produced by human activities in the sanitary facilities in the households,
private and public institutions. The waste is collected and transported by sewerage systems
into WWTP or WWTW (Adewumi et al., 2010). The industrial and domestic wastewater are
the biggest problem (Safonyk et al., 2017), as wastewater contaminants, such as oil and fat
are difficult to remove during treatment process and may cause significant operational
problems (Teklehaimanot, et al., 2015).
The wastewater treatment goes through several processes to aid the treated wastewater to
be reused or discharged into waterbodies to mitigate the health risk and environment
8
pollution caused by raw influent disposal. Technologies are employed to perform the
wastewater treatment processes.
The effluent disposal, an importance of wastewater reuse and the wastewater treatment
process are discussed in the following subsections.
2.2.2 Effluent disposal
The direct disposal of the untreated wastewater into water bodies (e.g. rivers, lakes, springs
and lagoons) poses a severe health risk and environment pollution (Nagarajan et al., 2017).
The South African Water Services Act, 1997 (Act No. 108 of 1997) refers to the disposal of
the industrial effluent as the collection, removal and treatment of the effluent produced by
industrial processes (Government, 1997). The Act prescribes the manner in which industrial
effluent is discharged. The Department of Water and Sanitation (2016) authorises the Water
Service Authority (WSA) to impose fines on polluters of industrial effluent to pay for the cost
of cleaning up the pollution effect on the environment, while the incentive-based regulatory
systems reward the WSA for quality management of  WWW, according to set standards.
This incentive-based regulatory system is recognised by certification programmes called
Blue Drop for Drinking Water Quality Management and Green Drop for Wastewater Quality
Management Regulations (DWA, 2011). The Green Drop criteria, illustrated in Table 2.1,
specify the requirements and the best practices to be applied by municipalities in the WSA in
order to be awarded with Green Drop achievement status.
Table 2. 1: Green Drop Criteria (DWA, 2011).
No. Green Drop Criteria Weight
1 Management of process control, maintenance and skill. 10%
2 Monitoring programme for wastewater quality 10%
3 Sample analysis of wastewater 5%
4 Results submission of wastewater quality 5%
5 Compliance with wastewater quality 30%
6 Response management of wastewater quality failures 10%
7 Local regulation 5%
8 Treatment facility capacity 10%




The massive volumes of treated wastewater are useful for industrial processes and
irrigation, particularly in the dry landscapes of SA (Adewumi et al., 2010). According to
Salgot and Folch (2018) the treated wastewater is reused for irrigation by agriculture sector,
golf courses, and recreational ponds to minimise the constant requirement for fresh water.
The reuse of treated wastewater must be safe and fulfil the specific water quality
requirements. Neczaj and Grosser (2018) suggest that the effluent from tertiary treatment be
used for irrigation of food products (crops) and effluent from secondary treatment to irrigate
non-food related areas. A summary of the sectoral areas in which treated wastewater is
commonly reused is illustrated in Table 2.2.
Table 2. 2: Application areas for reuse of treated wastewater (Jasim et al., 2016).
2.2.4 The typical wastewater treatment process
Wastewater treatment employs several processes to mitigate the shortage of water by
providing treated wastewater for reuse (Skouteris et al., 2012). The wastewater treatment
process includes a sequence of physical, biological or chemical processes to reduce
wastewater organic particles, solid materials, and nitrogen and phosphorus quantities
(Roxana & Ioan, 2016). A combination of processes must fulfil the wastewater treatment
requirements (Horan, 1990). The conventional activated sludge process (ASP) is the
common type of wastewater treatment that is cost-effective and simple to operate (Hreiz et
al., 2015). The ASP model illustrated in Figure 2.1 is commonly used throughout many cities
in SA and uses aerobic treatment. However, not all unit processes illustrated in Figure 2.1
No. Sectoral Area Utilisation Area
1 Inner city
 Irrigation of parks and golf courses.
 Fire protection.
 Sanitary facilities in private and public institutions,
commercial and industrial buildings.
 Carwash areas.
2 Agriculture
 Irrigation of non-food crop and garden plants for
commercial use.
 Watering of food crops.
 Spraying of livestock.
3 Leisure facilities  Unnatural ponds and lakes.
4 Ecological reuse
 Forming unnatural wetlands and improving
natural wetlands.
 Increasing and maintaining river system flows.
5 Non-drinking reuse  Reviving groundwater.
6 Industrial reuse  Cooling power stations, industrial processingplants and supply for boilers.
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are used by all utilities. The ASP includes preliminary, primary, secondary and tertiary
treatment processes that are implemented sequentially (Raheem et al., 2018). There are
various wastewater treatment models used by various wastewater industries other than the
model illustrated in Figure 2.1, however, they will not be discussed in this research.
The ASP using anaerobic technology has an advantage over aerobic technology because of
lower energy usage during operation and less sludge is produced. Moreover, anaerobic
technology produces biogas energy and recovers hidden resources in domestic wastewater
(Shi et al., 2017). The possible resources that can be recovered by using anaerobic
treatment are illustrated in Table 2.3. The municipality wastewater collected from cities has
high organic material waste to be used as resources for energy, water and nutrients (Morelli
et al., 2018). Therefore, the WWTPs are regarded as resource facilities with nutrient
preservation for reuse rather than considered as costly and high-energy consumption
facilities.
Table 2. 3: Possible resources available in the municipality wastewater (Stazi & Tomei,
2018).
1 Each m3 of methane produced was calculated based on 80% of organic matter retrieved as biogas.
2 Each kg of organic fertilizer produced was calculated based on 20% of organic matter residue of the anaerobic
digestion process.
However, despite WWTPs being considered resource facilities, WWTPs are confronted with
high energy consumption and maintenance cost challenges. This research seeks to address
challenges by proposing resolutions.





















































SECONDARY TREATMENT TERTIARY TREATMENT
Figure 2. 1: Model of Activated Sludge Process (source: Golder Associates, 2016).
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2.2.4.1 The preliminary treatment
The preliminary treatment is the physical and mechanical process in which the inflow of
domestic wastewater and industrial influent is screened for metals, rocks, sands, oil, grease
and suspended solid wastes to prevent the blockage of the treatment plant. According to
Horan (1990) the preliminary treatment phase protects and prevents the damage of the
mechanical equipment such as pumps and aerators, as well as pipe system. This phase
uses a series of bar screens, comminutors and grit removal equipment to remove the above-
mentioned waste (Cheremisinoff, 2002). The screens require a regular cleaning to prevent
screenings and excessive grit to pile up. The screenings and excessive grit are either
grinded into small particles before returned into wastewater or disposed of into authorised
landfill (Spellman, 2014). From the preliminary treatment phase, the wastewater flows to the
primary sedimentation tank to start the primary treatment process. All the treatment
processes are illustrated in Figure 2.1.
2.2.4.2 Primary treatment
The primary treatment is the second phase of the treatment process in which substantial
suspended, floatable and settleable organic solids are removed with sedimentation
(Spellman, 2014). The solids (primary sludge) settled in the bottom of sedimentation tank are
collected and pumped into a sludge processing unit, and the floating sludge on the surface
of the wastewater is removed by floatation unit (Schutte, 2006). The simplified rectangular
sedimentation tank is illustrated in Figure 2.2 in which large particles settle on the lower part
of the tank and clarified wastewater flows out of the sedimentation tank into the oxidation









Figure 2. 2: The primary sedimentation tank (modified from source: Schutte, 2006).
2.2.4.3 Secondary treatment
Secondary or biological treatment begins at the oxidation pond where biochemical oxygen
demand (BOD) is removed using microorganisms. The trickling filter and activated sludge
processes use microorganisms to break down the organic matters (Spellman, 2014).
The secondary treatment is the controlled natural process in which microorganisms feed on
suspended organic material and decompose the organic matter to form sludge through an
anaerobic or aerobic process (Cheremisinoff, 2002). The aerobic (energy-intensive) process
aerates the wastewater with oxygen for bacteria to breathe, grow and decompose the
organic matter to produce gases (CO2 and methane), and more microorganisms and water.
On the contrary, the anaerobic process does not require oxygen for bacteria to produce
gases (hydrogen sulphide and methane) and more microorganisms and water. Moreover,
the anaerobic process produces less sludge than the aerobic process (Jegatheesan et al.,
2016).
The trickling filter consists of a secondary settling tank to receive the flow of wastewater in
which residual suspended material, Biochemical Oxygen Demand (BOD) and approximately








Figure 2. 3: Activated sludge process (adapted source: Spellman, 2014).
The secondary settling tank recycles settled solid materials back into the aeration tank as
illustrated in Figure 2.3. These settled solid materials are the activated sludge mixed with the
primary effluent. The air in the aerator tank is pushed into diffusers to create dissolved
oxygen that increases the number of microorganisms to flocculate organic matters
(Spellman, 2014). The growing microorganisms are controlled to prevent excessive
production of microorganisms. A portion of the sludge is removed and pumped into the
sludge processing unit. The clarified secondary effluent flows to the tertiary treatment phase
or pumped into constructed wetlands for disinfection.
2.2.4.4 The sludge processing unit
The sludge processing unit illustrated in Figure 2.4 receives sludge from the primary
sedimentation tank and the secondary settling tank to be thickened by the belt press
filtration. The sludge becomes less, and the isolated water (supernatant) is pumped back
into the inflow wastewater (Appels et al., 2008). In the anaerobic digester, the sludge is
subjected to a stabilisation method in which bacteria that are not dependent on oxygen
digest anaerobically the organic material that is transformed into biogas (Methane, CH4) and
carbon dioxide (Spellman, 2014). The biogas is then used to generate electrical and thermal













Figure 2. 4: The sludge processing (adapted source: Appels et al., 2008).
2.2.4.5 Tertiary treatment
Tertiary treatment is the final phase after secondary treatment in which the effluent is
disinfected to terminate pathogens before discharged into the environment. The disinfections
are chlorination, ozonation and ultraviolet radiation. The chlorination is the most common
method of disinfection employed in SA to destroy viruses, bacteria and pathogen
microorganisms (Golder Associates, 2016). In the tertiary treatment, nitrification,
denitrification and filtration are employed to remove high levels of nutrients. Both nitrification
and denitrification remove ammonia, nitrates and phosphorus nutrients, while the filtration
process removes the residual particles in the tertiary effluent (De Bruyn, 2011).
2.2.5 The WWTP challenges and opportunities
The WWTP is the facility designed and operated to treat influent generated by domestic and
industrial wastewater. The WWTP uses a mixture of mechanical, physical, chemical or
biological processes to remove organic material and nutrients from the inflow wastewater
into the plant (Hreiz et al., 2015).
The WWTPs are confronted with many challenges. Among the many challenges are,
namely, the lack of maintenance and monitoring, skilled operators (De Bruyn, 2011), and
energy consumption (Jegatheesan et al., 2016). However, there are also opportunities to be
seized, one of which is the energy generation from biomass waste, which is viewed as a
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sustainable energy resource with the potential of producing and regenerating clean energy
(Ma et al., 2018).
2.5.2.1 Some key challenges in the WWTP
 Energy consumption
The conventional WWTPs are faced with high energy demand challenges presented by the
aerobic treatment process that uses aeration technology to create dissolved oxygen
demanded by microorganisms to break organic matter into small pieces (Lei et al., 2018).
The aeration process consumes a great deal of electric energy, in the region of “0.180 and
0.80” kWh/m3 (Longo et al., 2016). Electric energy consumption is distributed between the
treatment processes and the facility building. Over 70% of energy consumption is spent by
plant equipment used in the treatment processes, such as aerators, anaerobic digesters,
filter belt presses and clarifiers, while building lighting energy consumption is relatively low
(Mamut & Badea, 2015). The breakdown of typical energy consumption in the WWTP using
ASP is illustrated in Figure 2.6. Aeration uses the highest energy consumption of 54.1% of
the total energy consumption of the plant.
Figure 2. 5: A breakdown of typical energy usage in WWTPs (Mamut & Badea, 2015).
According to Neczaj and Grosser (2018), the energy requirements for the WWTPs are often
not considered during planning, design and development. The focus is placed on the
requirement for effluent quality and less or no focus on the energy consumption. Electric
energy consumption accounts for 30% to 50% of the overall operating costs of the WWTP
(Ghoneim et al., 2016). On average, the European WWTPs consume 0.15-0.7 kWh/m3 as
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reported by the European WssTP (Neczaj & Grosser, 2018). The energy consumption of
some countries in the world using ASP is illustrated in Table 2.4. The WWTPs in Italy use
high energy in the region of 0.40 to 0.70 kWh/m3 compared to other countries.
Table 2. 4: Average energy usage of the countries using ASP (Neczaj & Grosser, 2018).
* Refers to energy consumption/volume of treated wastewater measurement unit
 Maintenance and monitoring
Effective maintenance plan is key to the availability of the WWTP processes, reliability and
safety improvements (Selvik & Aven, 2011). Planning of the maintenance schedule and use
of reliable equipment are critical to prevent failures during treatment processes (Kiran et al.,
2016). Thus, lack of maintenance results in potential failure of treatment process equipment
and the likelihood of spilling untreated wastewater into the river system.
The implementation of preventative and predictive maintenance brings about some of the
following key benefits: reduced plant downtime, minimised maintenance cost and reduced
accidents (Jayasinghe, 2018). The maintenance cost of the WWW treatment plants includes
the repair of mechanical, electronic and electrical equipment and machines, as well as civil
structural repairs (Turkmenlera & Aslanb, 2017).
According to Kim and Kang (2014) sewage pumps experience failure due to the sewage
compounds and intermittent operation, and recommend that a maintenance plan to minimise
cost and increase serviceability must be developed. In the maintenance schedule of the
pumps, inspection of the rotating and static parts for damage or wear and tear is conducted
when the pump is removed from operation (Anis, 2018). The anaerobic digesters require
cleaning for preventative maintenance, while the usual operation requires replacement of
faulty parts for corrective maintenance (Zhang et al., 2015).
Monitoring energy consumption is critical to optimise energy efficiency and can be
accomplished by installing monitoring systems (Longo et al., 2016). Wastewater operators
show great interest in using tools and methods to save energy (Turkmenlera & Aslanb,







2017). Other intelligent monitoring systems such as SCADA systems can be employed for
monitoring key variables such as “effluent total phosphorous (TP) and ammonia nitrogen
(NH4-N)” (Han et al., 2018:2093).
The conventional way of taking samples and test them in the laboratory is insufficient to
detect the problem with the process and operation in real time. Online optical monitoring
system is required to provide information about the status of the process in real time to
accelerate process improvement (Tomperi et al., 2018).
 Wastewater operators
Wastewater operators are tasked with the responsibility to ensure that the WWTP functions
continuously and correctly. The operators are not only talented but are also expected to
perform various functions, some of which are not even listed in the job descriptions
(Spellman, 2014). Operators require support tools to facilitate the effective and efficient
biological treatment process. Moreover, operators are expected to deal with challenges
brought by the influent concentrations that cause the discharge effluent to fail to meet the
regulations (Cadet et al., 2015; Kim et al., 2016). Langergraber et al. (2018) conclude that
wastewater treatment operators must undergo training on the operation and maintenance of
the WWTP to ensure the correct functioning of the WWTP.
 Biomass waste energy generation opportunity
Biomass is an invaluable biological resource that comes from plants and animals and
provides the opportunity to be used to generate electricity, produce heat and biofuel.
Normally, a substantial chunk of biomass is discharged as waste biomass in the form of
sewage sludge, food waste, agriculture waste and farm animal’s manure. The efficient
method to treat the sewage sludge is the anaerobic digester (AD) with high potential to
recover methane required for energy generation (Ma et al., 2018). The use of the anaerobic
digesters aids cogeneration plan to minimise energy usage and cost of the WWTPs
(Schoeman et al., 2016).
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2.3 Overview of Digitalisation
2.3.1 Introduction
Digitalisation and digitisation concepts are often used interchangeably in the digital world
and need to be clarified so that they are used in the correct context. In an attempt to clarify
digitalisation and digitisation to reduce confusion, Gobble (2018) refers to digitisation as a
specific technical operation of changing various types of analogue information to digital
format. An example is to scan the document to change the pages into bytes; whereas
digitalisation does more than digitisation, digitalisation changes the business, drives the
business to create new business models and disrupts traditional business strategies.
Central to this study is digitalisation which Stoffels and Ziemer (2017) argue is driven by the
Internet of Things (IoT) − devices connected and communicating to each other over the
internet using cloud and mobile technologies. Things are devices such as sensors, actuators
and microcontrollers built with advanced processing power and software analytics (Lipnicki
et al., 2018). More than 9 billion devices are estimated to be connected worldwide and there
is a significant potential for an increase of devices over the next decade to reach a range of
20 billion to 50 billion devices in 2025. With this increase, deployment of the device in
various applications could bring about “3.9 trillion to 11.1 trillion dollars per year in 2025” in
economic results (Manyika et al., 2015:2).
Digitalisation is essential to accomplish Industry 4.0 and, in combination with automation,
advanced big data analytics and digital technologies, the key role is to create value and
opportunities to benefit all players across the industry chain (Gürdür et al., 2019).
Dalenogare et al. (2018:383) assert, “Industry 4.0 is understood as a new industrial stage in
which there is an integration between manufacturing operations systems and information
and communication technologies (ICT) – especially the Internet of Things (IoT) – forming the
so-called Cyber-Physical Systems (CPS).”
In a study, The impact of digitalisation on product lifecycle management, Xin and Ojanen
(2017) view digitalisation as the utilisation of digital technologies to modify the business
model and support business structures (processes, technology and people). The study
conducted by Dewa et al. (2018) view digitalisation as the application of new and current ICT
to optimise the process and increase productivity. According to Gray and Rumpe (2015)
digitalisation is the integration of various technologies to digitalise some part of societal
routine life and the examples are smart homes and cities. Digitalisation is also viewed as
“the digital disruption” and “the digital revolution” – the radical novel changes brought by
digital technologies (Carlsson, 2018:436). Digitalisation influences firms to change business
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model to create a new business model that functions well and is suitable for the digital world
and acts as catalyst for business growth (Zott & Amit, 2017). Therefore, the correct capacity
to support the digital business model should be developed. Moreover, knowledge should be
acquired to design digital business models. The conceptual model of digitalisation
methodology illustrated in Figure 2.7 guides the series of activities to be followed to develop
the action plans for digitalisation. According to Ng et al. (2018) an organisation must assess
the current business model before designing a new digital business model, evaluate the
current internal digital capabilities with the aim to identify the required digital capabilities to















Figure 2. 6: Conceptual model of digitalisation methodology (Ng et al., 2018).
In reviewing literature studies, the study found that earlier research studies provided different
meanings of digitalisation depending on the business context of the application. It is evident
that a universal definition of digitalisation is not formed yet. In order to suit the context of this
study, the study suggests that digitalisation can be viewed as the system that combines and
uses digital products and people’s expertise to create new possibilities and opportunities that
can benefit both customers (to improve productivity) and businesses (to increase revenues).
In the next subsections, a discussion about concepts related to digitalisation, such as cloud
computing, big data analytics, cybersecurity technology and digital products and solutions
are covered, including the applications of these technologies in the WWW.
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2.3.2 Cloud computing
Cloud computing refers to the services offered by the data centres to enable the availability
of internet applications using hardware and software systems housed in the data centres
(Armbrust et al., 2010). Cloud computing has managed to convert firms’ capital expenditure
cost of acquiring costly storage, computing and connectivity resources into operating
expenditure cost, which uses the resources on a usage-based payment method. This
method enables firms to minimise cost and enhance competitiveness (Armbrust et al., 2010).
Cloud computing provides five key functions such as “on-demand self-service, broad
network access, resource pooling, rapid elasticity, and measured service; three service
models such as platform as a service (PaaS), infrastructure as a service (IaaS), and
software as a service (SaaS); and four deployment models such as public cloud, private
cloud, hybrid cloud, and community cloud” (Mell & Grance, 2011:50). All these aspects are
used together to provide convenient service, make a pool of computing resources available
for sharing, manage the provision and the release of the service without cloud provider and
cloud user interaction (Mell & Grance, 2011).
In addition to the functions and deployment models, cloud computing provides applications
and development tools from various providers to enable the developers to create and deploy
applications into the cloud (Avram, 2014). Within the cloud are different layers such as
hardware, infrastructure, platform and application illustrated in Figure 2.7. Each layer is
equipped with computing resources to provide the services requested by cloud end-users
(Lipnicki et al., 2018). The application layer provides service model called SaaS to allow
end-users to use cloud application resources; platform layer provides service model called
PaaS to give end-users access to software languages and tools to develop applications in
the cloud; and infrastructure layer provides service model called IaaS to offer end-users
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Figure 2. 7: Four layers of cloud computing (Lipnicki et al., 2018).
Cloud computing technology achieves many advantages that outweigh the disadvantages,
and the list of advantages is listed in Table 2.5.
Table 2. 5: Benefits of cloud computing (Jovanovic & Ðokovic, 2016).
2.3.2.1 Public and private cloud deployment
Public cloud is essential for organisations dealing with massive transactional data, while the
private cloud model may be suitable for organisations that confront high-risk level of
sensitive data vulnerability. According to Kshetri (2017) organisations can consider a
composite of public and private cloud referred to as hybrid cloud to take full advantage of
both clouds.
Public cloud is the cloud service provided to the public at a usage-based payment method
(Armbrust et al., 2010). According to Jovanovic and Ðokovic (2016) public cloud is viewed as
Advantages of the cloud Rank
Makes it possible to perform experiments effortlessly at reduced cost 1
Facilitates profound collaboration with business partners 2
Releases IT resources to focus more on core functions 3
Brings about competitive advantage to firms with vision 4
Minimises business operating cost 5
Minimises total IT costs 6
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a model that uses virtualisation technology developed from combined physical computing
resources, which are distributed and used simultaneously by multiple users through public
networks via the internet.
The private cloud is installed in the customer’s data centre and is only available to be used
by a single firm. This can guarantee security in terms of infrastructure control, however, the
cost of using private cloud is very high (Lee, 2019).
Firms are hesitant to accept cloud computing because of the perceived risks. In a research,
Adoption Intention of Cloud Computing at the Firm Level, Lee (2019) guarantees that
education and knowledge about cloud computing can minimise the perceived risks and can
highly contribute to the acceptance and expansion of cloud computing.
The list of obstacles that prevent the acceptance and the expansion of cloud computing is
illustrated in Table 2.6 in a ranking order. The first three and the subsequent five in the list
prevent the acceptance and expansion of cloud computing, respectively.
Table 2. 6: Obstacles for expansion of cloud computing (Armbrust et al., 2010).
2.3.2.2 Cloud computing in the WWW industry
The application of cloud computing system in the WWW is illustrated in Figure 2.11. The
public and private cloud are used to integrate volumes of data generated from monitoring
and measurement systems for water quality and energy consumption (Owen, 2018).
Physical devices such as sensors, pumps, pressure and flow instrumentation are
Obstacles for expansion of cloud computing. Rank
Accessibility of services and business sustainability 1
Data lock-in and inflexible options 2
Privacy of data and auditability 3
Congestion of data transfer 4
Unreliability of performance 5
Increase of storage capacity 6
Virus in large distributed systems 7
Scaling quickly 8
Reputation fate sharing 9
Software licensing 10
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responsible for collecting data from the treatment processes (Kungwalrut et al., 2018). Edge
computing device such as gateway manages measured data transfer via a secured
transmission tunnel to cloud central data storage (Kungwalrut et al., 2018). Cloud computing
system processes data and visualizes water process operation, energy consumption and
energy cost analysis (Kungwalrut et al., 2018).
2.3.3 Big data and data analytics
2.3.3.1 Definition of big data
Big data refers to a growing vast and mixed data set that is gathered by companies and
institutions. Big data is not so easy to analyse with traditional techniques, which cannot
make advanced calculations to reveal insight into the value hidden in the data (Grable &
Lyons, 2018). Big data is derived from people and computer machines and is unstructured,
structured as well as semi-structured in various formats, and has qualities of velocity,
volume, variety, veracity, value and complexity as illustrated in Figure 2.8. The complexity of
big data is brought about by factors such as high volume, low veracity, high variety, and high







Figure 2. 8: Characteristic of Big Data (adapted source: Mathew & Alex, 2017).
2.2.3.1 Big data analytics
Manyika et al. (2015) reported that in the oil and gas industry, about 99% of the dataset
gathered from 30 thousand sensors is not used effectively to generate insight into making
sound decisions. This is due to the following identified challenges, namely, insufficient data
capturing and storage capability, failure of the data infrastructure to provide smooth
streaming of data, and unavailability of data management tools to allow access to data in
real time. Other challenges include insufficient analytics tools for most measurements, lack
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of deployment technology to access data analysis, and people and business processes not
geared to leverage information for maintenance scheduling, as illustrated in Figure 2.9.
In general, many industries, including WWW industry, are confronted with challenges like the





























~40% of whole data collected are
never stored for remote use by
offshore and onshore
Only ~ 1% of data is transmitted
onshore for decision and planning
Data is not available in real-time for
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Limited report is generated  with few
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No user tool is available to collect
offshore data
Maintenance is not predictive, still
based on schedule
Challenges
Figure 2. 9: Example of Data Management Challenges (Source: Mackinsey Global Institute).
The huge amount of big data produced by digitalisation is difficult to be analysed in real time
by most algorithms for fast decision making (Carlsson, 2018). Moreover, big data creates
enormous statistical and mathematical challenges for data scientists to perform valid
statistical analyses (Bär & Elster, 2017). The benefit of analysed big data in the WWW
industry is the information that is received by assigned operators to carry out remote
corrective maintenance of the pump system that has failed (Heggemann & Jäger, 2017).
According to Gürdür et al. (2019) many businesses benefit from data analytics to improve
decision making, predicting future and plan appropriately.
2.3.3.2 Big data analytical tools and technologies
The value of big data is accomplished using analytics, which are designed to extract
understanding. Analytics consist of various software, programs, models, hardware and
technologies that draw out precise and reliable outcomes of big data (Oussous et al., 2018).
The overview of big data technologies and tools is illustrated in Table 2.7. The discussion of
the technologies and tools for this study focuses on the functions of Hadoop platform and
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tools, Cassandra database technology, R programming language and Sqood data transfer
capability.
Table 2. 7: Various big data tools (Grover & Kar, 2017).
Big Data Analysis Platforms and Tools
Data Bases / Data Warehouse
Programming Languages
Data Aggregation and Transfer
Big Data Tools
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 Hadoop
Hadoop is the big data technology that processes large and complex data at an unparalleled
speed due to its capability of “parallel cluster and distributed file systems” (Oussous et al.,
2018:437). Hadoop has data processing power that allows storing data in different memory
locations to be processed in those specific locations rather than making a copy of data in the
memory for execution. The foundation of the Hadoop platform is formed on “Distributed File
System (HDFS) and the MapReduce Framework” layers (Oussous et al., 2018:437). The
HDFS layer manages data storing task, while the MapReduce layer tracks and executes the
tasks (Mohammadpoor & Torabi, 2018).
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 Cassandra
Cassandra is the NoSQL database technology that support the execution of big data
analysis structures and the applications (Elshawia et al., 2018). Cassandra is suitable for
storing volumes of data in the database for mobile and online web applications to perform
analytical requirements (Grover & Kar, 2017).
 R programming language
R programming language is a software used for statistical computing and machine learning
and is versatile to explore IoT and social dialogue. Moreover, R programming language
monitors the impact of social dialogue (Grover & Kar, 2017) and is perfect for performing
analytics (Oussous et al., 2018).
 Sqoop data transfer capability
Sqoop is used for establishing communication and downloading volumes of data to the data
warehouses to reduce processing load, and between Apache Hadoop and database
technology (Oussous et al., 2018). The data imported by Sqoop from HDFS is altered by
MapReduce to produce multiple files, and Sqoop Export reads these files and assigns them
into records of destination database (Grover & Kar, 2017).
2.3.3.3 The value of big data in the WWW industry
The real value of data in the WWW industry is not used effectively to produce near real time
information that facilitates decision-making (Du et al., 2019). This is due to the dispersed and
disjointed data stored in various parts of the WWW treatment plants (Du et al., 2019). The
data that is collected to satisfy regulatory and operation requirements are not all retrieved
and utilised (Chow et al., 2018).
The WWW industry lags other industries in adopting digital technologies to reap the benefits
of big data (Du et al., 2019). Such a lag is attributed to the insufficient internal expertise, and
therefore funding in training is required to accelerate the application of digital technologies
(Stoffels & Ziemer, 2017). With the emergent digital technologies, collecting and transmitting
data with sensors and communication devices provides constant monitoring of WWW
systems (Shafiee et al., 2018). The collected data include pressure, flow and other
measurements which create big data for WWW utilities.
The analysis of the collected data offers valuable information on system control and asset
management (Sirkiä et al., 2017). The benefits of data analytics are efficiency optimisation
(Eggimann et al., 2017) and treatment processes enhancement (Qiu et al., 2018).
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2.3.3.4 Global energy and data management practices in the WWW industry
The ISO 50001:2011 energy management system standard provides a framework that
guides organizations to manage energy with an aim to optimize energy efficiency, enhance
energy performance, and reduce energy usage cost (Silva et al., 2015). The standard also
forms a tremendous foundation for WWW industry to manage energy and develop energy
baseline for the facility (Silva et al., 2015). The utilities with energy management policy,
targets, objectives, and action plans associated with critical energy use, consume 30% less
energy (Sowby, 2018). Successful energy management practice requires support and
commitment from senior management, and the focus on energy efficiency technologies and
maintenance to enhance energy performance (Fernando et al., 2018).
The ISO 8000 framework provides guidance on developing data management policies
(Carretero et al., 2017). Data management technological infrastructure is required to deliver
quality and reliable data to support the WWW utilities requirements (Carretero et al., 2017).
The utilities continuously monitor the WWW quality measurements that generate big
volumes of data that can be unreliable and results in incorrect interpretation and decision
making (Alferes & Vanrolleghem, 2016). Therefore, data validation using automated system
to analyze monitoring data and identify unreliable data is necessary for data quality
management (Clement et al., 2007).
2.3.4 Cybersecurity technology
The potential gains brought by cloud computing continue to increase, however, fears of data
and information security make most organisations hesitate to appreciate. The cyber-attack
can seize the sensitive data transmitted to the cloud for storage and processing (AlKhamese
et al., 2019). Therefore, cybersecurity is required to protect data from exfiltration and
malicious cyber-attacks, cyber-warfare and cyber-criminals.
Cybersecurity refers to Internet security (Okonofua & Rahman, 2018). Cybersecurity also
refers to defending the cyberspace from vicious cyber-attacks (Lezzi et al., 2018). Cyber-risk
and cybersecurity fears have significantly increased as industries adopt digitalisation and
rely on digital technologies (Gavin & Guenther, 2018). With several interconnected devices
forecast to grow from 8.4 billion to 20 billion by 2020, cyber-threats in a broad range of
industrial plants are likely to grow. This makes even more necessary to secure data and
information. Industrial plants require cybersecurity deployment as part of the plant integrated
process network to monitor and give feedback information on threat detection as the warning
signals to the plant operators and management (Israels, 2018).
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2.3.4.1 Security of data and information
The critical place for cybersecurity is in the cloud where security measures are centrally
integrated such as a cloud-based security centre and communication centre. A cloud-based
security centre performs access authentication before the connection to the communication
centre is permitted to protect the SCADA system using firewalls and data encryption (Gavin
& Guenther, 2018), as illustrated in Figure 2.10.
Cryptography and data hiding are the most essential techniques to protect and secure data
communication (AlKhamese et al., 2019). Cryptography refers to translating the classified
information from plain text into cipher text. Data hiding hides data in the transmitted file over
the internet (AlKhamese et al., 2019).
Blockchain is another technology that can address the security issues of the IoT data stored
in the cloud networks. Blockchain uses decentralisation, integrity and anonymity for the
security and integrity of IoT applications (Wang et al., 2019). Blockchain controls all security
measures such as confidentiality and privacy without the need to use third parties.
Blockchain is best solution to address the disadvantages of cloud firewall security (Kshetri,
2017). With blockchain, at least 50% of connected devices in the networks are to be hacked
for the entire network to be breached. The comparisons between cloud-based security and









Figure 2. 10: Security of the cloud-based system (source: Gavin & Guenther, 2018).
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Table 2. 8: Comparisons between blockchain security and privacy, and cloud-based security
and privacy (Kshetri, 2017).
2.3.4.2 Cybersecurity in the WWW treatment plants
The WWW infrastructure is considered critical infrastructure (Clark et al., 2018). Therefore, it
is essential that security measures be implemented to minimise the impact of cyber-attack.
These measures include securing the vulnerable Industrial Control Systems (ICS) that
control the WWW infrastructure to sustain the assignment of the systems to purify water and
treat the wastewater (Weiss, 2014). The impact of cyber-attack can be minor to significant
ones, for example, effluent discharge into the environment, distribution of polluted water to
the drinking water pipe system and interruption of the operation of water supply (Rao &
Francis, 2016).
The ICS normally includes SCADA, Programmable Logic Controllers (PLC) and other
devices such as field instrumentation. The industry lags other critical industries (e.g. energy,
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system and suitable encryption, firewall and antivirus protection are recommended to secure
ICS to limit a vulnerability (Weiss, 2014).
2.3.5 Digital product deployment to the cloud of WWW treatment plants
2.3.5.1 Digital products
Digital products are products with embedded digital component and software to enable data
collection and data analysis to deliver services (Bharadwaj et al., 2013). In general, digital
products represent devices, sensors and systems.  Digital products possess capabilities that
are different from physical objects to create unprecedented digital opportunities (Lipnicki et
al., 2018). Digital products are faster and easier to develop, update and reproduce compared
to traditional physical objects due to the increase of data and ICT resources. The speed and
easiness to develop digital products reduce the time to get new products to the market (De
Sordi et al., 2016), and this is the key competitive edge to gaining the market share in the
fast-changing global technology market (McBeth et al., 2006).
Digital products have transformed and expanded the product architecture typically designed
for physical objects to a new “layered modular architecture” (Yoo et al., 2010:724). The
layered modular architecture is obtained from embedding digital technologies into the
physical product. This new architecture features four layers − contents, service, network and
device, as illustrated in Table 2.9. Moreover, the architecture creates product key
advantages of allowing different parties to collaborate on the layers to be innovative and
enabling components in layers to be used in several ways (Yoo et al., 2010). Table 2.9
illustrates an example of the functions of each layer mapped into a pump.
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Table 2. 9: Layered modular product architecture.
Contents layer
Service layer
Status data collected & delivered by
sensors, QR code on the pump set,




energy savings, water delivery,







Digital products’ layered modular
architecture (Source: Yoo, et al., 2010)
Example: Pump (Source:Stoffels &
Ziemer, 2017)
 Logical transmission: TCP/IP
communication protocols
 Physical transportation:





 Physical machinery: physical
components – sensors and
controllers
2.3.5.2 Application of digital products and solutions in the WWW
Digital products and other measurement devices are deployed to collect and send data
through a gateway to the cloud and directly to the cloud by digitally enabled devices for
storage, processing and analytics, as illustrated in Figure 2.11. Laptop computers,
smartphones and tablets that run software applications must have remote access to the data
in the cloud. This enables the receipt of predictive maintenance data to schedule












Figure 2. 11: WWTP cloud connectivity (adapted source: based on Breivold & Sandström,
2015).
2.3.5.3 The impact of digital solutions in the WWW
Digital solutions such as big data techniques, cloud computing and cybersecurity provide
new possibilities to the WWW utilities.
Big data techniques provide better understanding of the collected big water data by smart
meters. The trend of the WWW systems is understood, and effective decisions are made
(Shafiee et al., 2018). For example, quality of the water is measured and reported on the real
time basis and this has a potential impact on the process performance improvement
(Holzbecher et al., 2019). The managers can use technologies such as measurement, data
storage and processing, and visualization to manage water resources and address water
related problems rapidly to avoid disastrous consequences.
Cloud computing solution has a potential impact on the significant cost saving of utilities
selecting to use either private or public cloud services on a usage-based payment method
(Combs, 2013). For example, a cloud-based SCADA system on a usage-based payment
method significantly reduces cost related to managing data security, acquiring new software
and hardware as well as upgrading or replacing SCADA system (Combs, 2013).
Cybersecurity solution minimises the impact of cyber-attack of the systems (Rao & Francis,
2016). The potential impact of employing cybersecurity is the possibility of reducing the risk
of water supply interruption (Weiss, 2014).
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2.4 Conclusion
In this chapter, wastewater treatment processes, and challenges and opportunities in the
WWTPs were discussed. Digitalisation and related technologies, such as cloud computing,
big data, cybersecurity technology and digital products and solutions were also discussed. In
the next chapter, the research methodology of this study is discussed.
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Chapter 3: Research Methodology
3.1 Introduction
The literature review conducted in Chapter 2 provides the fundamental information about the
opportunities and challenges experienced in the WWW treatment plants. The chapter also
demonstrates the deployment of digital products and solutions to the cloud in WWW
treatment with the objective to collect the data that is used to generate insight for decision
makers and management to make sound decisions (Breivold & Sandström, 2015). The
chapter also states that digitalisation integrates various technologies to digitalise routine
activities (Gray & Rumpe, 2015) and optimises processes to increase productivity (Dewa et
al., 2018). These identified various technologies are illustrated in Figure 3.1 and are





Figure 3. 1: The various technologies for this study.
The research method and research design for this study are discussed in the following
subsections.
3.2 Research Method
The literature review and case study methodology are conducted with three large WWW
utilities in SA water industry, as these utilities serve the GT province, the biggest province in
SA (Teklehaimanot et al., 2015). This study reveals challenges encountered by WWW
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utilities concerning high-energy consumption, energy monitoring and maintenance practice
(De Bruyn, 2011; Wang et al., 2014).
Babatunde et al., (2015) conducted three case studies in the WWW treatment, while
Musvoto and Ikumi (2016) conducted two case studies in the WWTPs of GT province in SA.
This study conducts three case studies in the WWW utilities of GT province in SA. The case
studies, with reference to the literature and knowledge gathered, seek to obtain data on
three focus area; energy and management, maintenance management, and energy
efficiency, and these three case studies have been chosen based on these opportunities.
In order to focus on the diverse research objectives of management of energy, maintenance
and energy efficiency, three large WWW utilities are selected, referred to as System A,
System B, and System C. These systems are considered so as to achieve representation in
GT province. A key additional focus of this study is to design for integration and Industry 4.0.
The three systems are described as follows:
 System A is responsible for wastewater treatment and management of energy.
 System B is responsible water purification and maintenance management.
 System C is responsible for wastewater treatment and energy efficiency.
These abovementioned systems or WWW utilities use systems such as low voltage power
distribution switchgear, motor control centres and the SCADA system to treat wastewater
and purify drinking water. The components used in these treatment systems include
mechanical loads, such as pumps, motors, and aerators; and the electrical components
include motor starters (e.g. variable speed drives (VSDs), soft starters, conventional and
intelligent starters); and protection and switching devices, such as Air Circuit Breakers (ACB)
and Moulded Case Circuit Breaker (MCCB).
System A is selected to explore the energy and management practice and to highlight
potential opportunities to optimize energy and management. System A is chosen for energy
and management because of the increase of energy tariff charged by energy provider
(Eskom) which has the impact on the operating cost of the WWTP. System A comprises of









System B is selected to explore the maintenance practice, and to identify and highlight the
potential to optimize maintenance. System B is chosen for maintenance optimisation
because System B water purification plant pump very large volumes, with high maintenance
dependencies, “about 4.7 billion liters per day of fresh water to booster pumping stations
using centrifugal pumps” to meet the continuous demand for fresh water (Matlakala et al.,
2019:198).
System C is selected to explore energy usage and to identify and highlight the potential for
energy saving. System C is chosen for energy optimisation because System C subsystems
or wastewater treatment plants use aeration process, which accounts for 50% to 75% of the
total energy consumed by the WWTP using ASP (Musvoto & Ikumi, 2016). System C
subsystem or wastewater treatment plant is chosen for this study and is identified as Sub-
System C1.
3.2.1 Research design
The research design is presented in Figure 3.2 and is developed to facilitate the
accomplishment of the aim and objectives of this study, namely, to investigate the
application of digital products and solutions in the WWW industry.
In order to achieve the aim and objectives of this study, the research design illustrated in
Figure 3.2 is followed. The problem statement is formulated, and literature review is
conducted. The data is collected through the focus group study method and the data is
analysed using Microsoft Excel software. The results of data analysis are presented,











Figure 3. 2: Research design.
3.2.2 Data collection
The data collection is conducted through the focus group method with three large WWW
utilities in the GT province. The focus group constitutes four to five members of the
maintenance team including operation manager responsible for overseeing the plant
operations. This focus group is chosen as the members have knowledge and experiences of
the operations and processes. This method is selected as it enables discussion about many
valuable topics to obtain insight into WWW end-user’s challenges and requirements
(Arheimer et al., 2004). Moreover, it is a cost-effective method to extract and reveal the
experiences of the participants. In order to ensure the validity of data collection, measures
are taken to avoid bias and experiences to interfere with the data collection. The collected
data is accurately documented and checked with members for accuracy. The data is
collected to gain understanding about the practices and challenges, so that the opportunities
can be identified for resolving some of the challenges by using digitalisation concept.
For Systems A, the study follows the focus group study method to collect data relative to
energy and management to evaluate the potential for energy and management optimisation.
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The interviews are conducted with maintenance and operational personnel to collect power
consumption and consumption target data for a full month period of June 2019 as the data is
not available publicly. The collected data is analysed using Microsoft Excel software and
charts, and the analysed data is used in Chapter 4 to provide the key findings.
For Systems B, the study follows the focus group study method to collect data relative to
maintenance. The interviews are conducted with maintenance and automation system
personnel to gain a better understanding of pumps and motors failures based on the
gathered data, to evaluate the potential for maintenance optimisation. The data for a full year
period of 2018 is collected from System B water purification plant as the data is not available
publicly. The collected data is analysed to determine the financial loss/cost associated with
failures of pumps without identical standby pumps, using a simplified calculation.
For System C, the data is collected relative to energy. The report on the Sub-System C1
energy consumption data is available for the period from 2014 through to 2015 from System
C and publicly. The data is analysed using Microsoft Excel software and chart and is used in
Chapter 4 to provide the key findings.
3.3 Conclusion
In this chapter, the research methodology is discussed. The research design is identified and
developed to facilitate the accomplishment of the aim and objectives of this study. Chapter 4
analyses the collected data and provides key findings or results of the research.
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Chapter 4: Results and Analysis of Case Studies
4.1 Introduction
The main aim of this study is to investigate the application of digital products and solutions,
and to gain an understanding of the energy and data management practices in the WWW
industry in SA.
The study collected data relative to three focus areas, namely, energy and management,
maintenance and energy efficiency. For purpose of energy and management, data is
collected from System A subsystems. The data relative to maintenance management is
collected from System B water purification plant; and for energy efficiency, data is collected
from System C subsystem.
The collected data is presented graphically, analysed, and the key findings or results are
provided. These results are optimised by the proposed EMS/LMS, Condition-Based CBM
system, and VSD system using Industry 4.0 in the WWW sector. The proposed systems are
intended not to compromise the environment and conform to applicable environmental
standards and requirements.
4.2 Analysis of System A Energy and Management
For energy and management analysis, System A six subsystems are analysed using the
energy/power consumption and consumption target data illustrated in Table 6.1 of Appendix
1. The energy/power consumption of each subsystem is compared with consumption target
to determine the subsystems that use excessive energy. The excessive energy usage
presents the opportunity to optimise energy efficiency of the subsystems. The comparison of
energy/power consumption and consumption target of System A subsystems are illustrated
in Figure 4.1.
The results indicate that 50% of System A subsystems (e.g. Sub-System A1, Sub-System
A2 and Sub-System A3) exceed the energy/power consumption targets as illustrated in
Figure 4.1.
In order to determine whether the energy/power consumption of System A subsystems do
not match up to the standard energy/power consumption of the European WWTPs using
ASP, the study compares energy/power consumption of System A subsystems with
energy/power consumption of the European WWTPs. According to Neczaj and Grosser
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(2018), the energy consumption of the European wastewater treatment plants is in the





































System A - Energy consumption June 2019
Used kWh/m3 Target kWh/m3
Figure 4. 1: The comparison of energy/power consumption and energy consumption target
(source: System A).
The comparison of energy/power consumption of System A six subsystems with the
European baseline energy consumption of 0.15-0.7 kWh/m3 is illustrated in Figure 4.2. The
results indicate that none of System A subsystems complies with the European minimum
baseline energy consumption of 0.15 kWh/m3. However, all System A subsystems illustrated
in Figure 4.2 use energy in the range of the European baseline energy consumption of 0.15-
0.7 kWh/m3.
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Figure 4. 2: Energy used compared with the European baseline energy consumption (0.15-
0.7 kWh/m3).
In order to resolve the results of Sub-System A1 concerning the exceeding of energy
consumption target, EMS/LMS is proposed to optimize energy and management. Sub-
System A1 is selected to illustrate the potential of optimizing energy and management to
prevent maximum energy demand when the power consumption target is exceeded. Sub-
System A1 power consumption is 0.382 kWh/m3 and the consumption target is 0.358
kWh/m3 as illustrated in Figure 4.1. Therefore, power consumption target of Sub-System A1
is exceeded by 0.024 kWh/m3.
A detailed investigation reveals there are thirty-two 3.5 kW air conditioners in the building of
Sub-System A1, which is divided into four blocks. The air conditioners are identified as non-
critical equipment. The air conditioners nameplate rating is used for purpose of illustrating
the solution. The EMS/LMS is proposed to optimise energy and management and the list of
non-critical loads is illustrated in Table 4.1.
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Table 4. 1: Proposed EMS/LMS to optimise energy and management.
In Table 4.1, the Total power, Air volume and the Power consumption of air conditioners are
calculated using the below equations.
Number of air conditioners = 32
The size of each air conditioner = 3.5 kW
Estimate of Air Change Rate (ACH) = 1
Total power = Rated power * Loading   (1)
        = (32 * 3.5 kW) * 0.7 = 78.4 kW
Office volume = length (m) * width (m) * height (m)   (2)
                       = 6 * 4 * 3.5 = 84 m3
Air volume = Office volume * Number of air conditioners * ACH               (3)
                   = 84 m3 * 32 * 1 = 2 688 m3/h
Power consumption of Air-con 1 = Power / Air volume   (4)
                                        = 19.6 kW / 672 m3/ h = 0.029 kWh/m3
The power consumption of Air-con 1 is 0.029 kWh/m3 from result of the above calculation
and the power consumption target of Sub-System A1 is exceeded by 0.024 kWh/m3 from the
result of analysis illustrated in Figure 4.1. The potential opportunity to optimise energy and
management to prevent maximum energy demand and exceeding the power consumption
target is achieved when Air-con 1, having power consumption of 0.029 kWh/m3, is
disconnected from the electrical supply. This reduces energy demand by 19.6 kW as
illustrated in Table 4.1.
In order to achieve energy and management efficiency, energy monitoring is key. Energy





















Air-con 1 8 x 3.5 28 0.7 19.6 672 0.029
Air-con 2 8 x 3.5 28 0.7 19.6 672 0.029
Air-con 3 8 x 3.5 28 0.7 19.6 672 0.029
Air-con 4 8 x 3.5 28 0.7 19.6 672 0.029
Total 112 0.7 78.4 2688 0.117
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management. The study uses Sub-System A4 to illustrate energy monitoring and is
discussed in the following subsection.
4.2.1 Energy monitoring of Sub-System A4
The study suggests the adoption of close to real-time energy monitoring as an Industry 4.0
tool. The visualisation of the energy monitoring data assists management to understand the
energy consumption trends of the WWTP in order to manage energy effectively. The energy
monitoring provides total transparency and visualisation of electrical energy consumption in
real time (Kumar et al., 2019), as illustrated in Figure 4.3. Furthermore, energy monitoring
provides the mechanisms to identify energy-intensive equipment or processes (Abele et al.,
2015).
The visualisation of the estimated energy monitoring of Sub-System A4 based on the energy
usage in Table 7.4 of Appendix 2, is illustrated in Figure 4.3.
Figure 4. 3: The estimate of energy monitoring of System A4.
As can be seen in Figure 4.3, the energy monitoring visual representations display a daily-
recorded energy consumption to illustrate trends and patterns of energy usage.
4.3 Analysis of System B Maintenance Management
For purpose of maintenance management, the data collected from System B is illustrated in
Table 4.2 and is analyzed to determine economic loss associated with failures of pumps
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without identical standby pumps in operation, using a simplified calculation. The labour,
material, and lost production cost are not considered for this study. It is assumed that the
downtime cost of a failed large pump amounts to R 10 000.00 per hour of downtime for
purpose of illustrating the solution. The data and the result of the simplified calculation
provide a measure of cost. The downtime cost, excluding the above-mentioned costs and
other costs, is R50 000.00 based on the collected data because of the absence of predictive
maintenance.
Table 4. 2: Analysis of the cost of System B faulty pump replacement (source: System B).
In order to resolve the results and reduce downtime of System B, CBM system is proposed
to optimize maintenance of System B. In Table 4.2, the estimated replacement
time/downtime of a faulty large pump is five hours. The proposed CBM system reduces the
downtime of System B water purification plant from five hours to two hours to minimize
maintenance cost and loss of productivity, as illustrated in Table 4.3.
Table 4. 3: Proposed CBM system to optimise maintenance.
The proposed CBM system provides a potential opportunity of cost savings of R30 000.00
because of reducing downtime from five hours to two hours. The CBM system achieves the
reduced downtime by providing early warning signs of upcoming failures so that
maintenance work is planned and executed in two hours instead of five hours. The proposed
CBM system reduces unscheduled downtime, which is caused by corrective maintenance,
by improving maintainability when pumps are in operation.
Parameter Description Value used
AVG pumps Average number of pumps per water purification station 120 pumps
AVG pumps
failure
Average number of pumps failure 5 per year
Replacement
time
Estimated replacement time/downtime of faulty large
pump
5 hours
Downtime cost Estimated downtime cost of faulty large pump per hour
R10 000.00
Availability Uptime Reduce downtime Reduce downtime cost
0.9988 1752 hours 2 hours R20 000.00
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To illustrate the proposed solution, the calculation of the Mean Time Between Failures
(MTBF) and the existing availability of the pump, and downtime and downtime cost are
illustrated in Appendix 3.
The Mean Time Between Failures (MTBF) of the pump is calculated using the equation
below.
 MTBF =               (5)
The existing availability of the pump is calculated using the equation below
Availability =               (6)
Where;
MTR = Mean Time To Restore = Maintenance downtime
The proposed CBM system improves maintenance by using predictive maintenance practice
to reduce downtime and increase availability to 0.9988 to satisfy the pump developed
availability of 0.9988. The proposed CBM system reduces downtime and downtime cost as
illustrated in Table 4.3, and the calculation of the reduced downtime and downtime cost are
illustrated in Appendix 3.  The reduced downtime is calculated using the equation below.
Scheduled maintenance downtime =                                      (7)
Where;
Scheduled maintenance downtime = Reduced downtime
4.4 Analysis of System C Energy Usage
For the purpose of energy efficiency, Sub-System C1 is analysed using energy consumption
data illustrated in Table 6.2 of Appendix 1. The result indicates that Sub-System C1 aeration
process uses the excessive electrical energy of 2,465,227 kWh, which is 74% of the total




























Sub-System C1 - Electricity Used, kWh
Figure 4. 4: A breakdown of energy consumption of Sub-System C1 (source: Musvoto &
Ikumi, 2016).
In order to resolve high-energy consumption of Sub-System C1 aeration process, VSD
system is proposed to reduce energy consumption of aeration process. Sub-System C1 is
used to illustrate the potential of energy savings using VSD system compared to the
constant speed method used for aeration process. The proposed VSD system minimizes the
aeration energy consumption of 2,465,227 kWh, illustrated in Figure 4.4.
A detailed investigation reveals there are ten 55kW aerators split into two rows, each
controlled at full speed. There are also two Dissolved Oxygen (DO) meters installed in the
aeration area. The aerators operate for 8 760 hours per year. The aerator airflow needs to
be adjusted by the VSD system to 80% speed when a maximum oxygen level is required for
aerobic bacteria to breathe and grow, and to 50% speed when a minimum to medium
oxygen level is required by the system. The proposed VSD system is illustrated in Table 4.4,
where both operating hours per year for 50% and 80% of speed, respectively, are assumed
4380 hours per year. In Table 4.4, the percentage of Full Power is calculated using the
affinity law for power using equation (8).
(8)
% of Full Power = (% of Full Aeration Flow) 3                                                                        (9)
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At 80% of Full Aeration Flow, the % of Full Power and Aerator Absorbed Power are
calculated below:
 % of Full Power = (0.8)3 = 51.2%
 Aerator Absorbed Power = Aerator kW size * % of Full Power                               (10)
                                                    = 55 kW * 0.51 = 28 kW
The Energy consumption of the proposed VSD system running at 80% of speed is calculated
as follows:
Energy consumption = Aerator Absorbed Power * Operating hours            (11)
                                  = 28 kW * 4380 hours = 122 640 kWh.
At 50% of Full Aeration Flow, the % of Full Power and Aerator Absorbed Power are
calculated below:
 % of Full Power = (0.5)3 = 13%
 Aerator Absorbed Power = Aerator kW size * % of Full Power
                                       = 55 kW * 0.13 = 7 kW
The Energy consumption of the proposed VSD system running at 50% of speed is calculated
as follows:
Energy consumption = Aerator Absorbed Power * Operating hours
                                  = 7kW * 4380 hours = 30 660 kWh.
As can be seen in Table 4.4, the energy consumption of the proposed VSD system running
at 50% speed is 30 660 kWh, lower than 122 640 kWh when running at 80% speed. It is
therefore inferred that when the speed of the VSD system is reduced, the energy
consumption is also reduced.













80 51 4 380 28 122 640
50 13 4 380 7 30 660
Total 8 760 35 153 300
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The total energy consumption of ten 55 kW aerators and the potential opportunity of energy
savings using the VSD system are illustrated by the calculations below.
Total Energy consumption = Energy consumption * Number of aerators                            (12)
        = 153 300 kWh * 10 = 1 533 000 kWh
Potential energy savings using VSD system = 2 465 227 kWh – 1 533 000 kWh
                                                                       = 932 227 kWh
Energy savings (%) =        (13)
                                 = (1 – (932 227 / 2 465 227)) * 100 = 62%
4.5 Optimisation using Industry 4.0 in the WWW
In order to optimise energy and management, maintenance and energy efficiency using
industry 4.0, the integration of proposed EMS/LMS, CBM and VSD systems with Enterprise
software system in the WWW is required and is guided by the recommended practice of
integrating the Operational Technology (OT) infrastructure (e.g. SCADA, IoT) with
Information Technology (IT) infrastructure (e.g. Enterprise Resource Planning (ERP)) as
illustrated in Figure 4.5. At levels L0 to L3 include the OT infrastructure. L1 represents IoT
devices such as sensors and actuators, L2 represents SCADA and Distributed Control
System (DCS), and L3 are the OT infrastructure of EMS/LMS analytic software, CBM
analytic software, and the VSD analytic software. L4 is the IT infrastructure of the ERP. L3.5
is the Enterprise Architecture where IT and OT infrastructures merge for integration and





































Figure 4. 5: Integration of IT and OT infrastructures (Lipnicki et al., 2018)
The industry 4.0 tools are used for integration of the abovementioned infrastructures at the
head offices of the WWW utilities illustrated in Figure 4.6 and Figure 4.7 digital landscapes.
The study identified various technologies in Chapter 3, namely cloud computing,
cybersecurity, big data and digital products. These technologies have key roles in the
integrated system.
 The cloud computing technology is used by the WWW utilities to employ computing
resources on a usage-based payment method. The PaaS service is offered to the WWW
utilities to use cloud application resources, and the IaaS service allows access to
virtualised large disk storage for big data analytics.
 Big data is collected by SCADA system from IoT devices such as sensors and digital
products. The collected data is streamed every 30 minutes into the data warehouse to be
used by analytic software tools to extract information required by management such as
quality of the water, energy and water consumption, condition monitoring of critical
pumps and visualisation of energy monitoring data.
 Cybersecurity uses Virtual Private Networks (VPN) and firewall security solution to
protect transmitted data from cyber-attack.
 Digital products monitor energy consumption and optimise energy efficiency by
disconnecting non-critical loads connected downstream of the incomer switching devices
(e.g. ACB or MCCB) in the low voltage power distribution switchgear.
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Figure 4. 6: The Enterprise software integration with OT in the Private Internet Network.
In addition to various technologies identified by the study in Chapter 3, key additional
technologies are identified and used in the digital landscape illustrated in Figure 4.6 and
Figure 4.7. These technologies are, namely, VPN Security, Data Warehouse, Business
Intelligence, SCADA system, and Enterprise software system. The study provides the key
roles, benefits or advantages, and disadvantages or challenges of these technologies in the
following subsections.
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Figure 4. 7: The Enterprise software system integration with OT in the cloud platform.
4.5.1 Virtual Private Network Security
The VPN is recommended for security, data protection and encryption of SCADA system,
cloud virtual machines and cloud big data. VPN establishes secured data tunnel and
provides confidentiality, authenticity, availability and integrity security services (Rahimi &
Zargham, 2012). The data collected by sensors and instrumentation in WWW plants is
encrypted and transmitted through secured data tunnel to cloud big data by SCADA system.
The key benefits of using effective VPN special protocols are the ability to allow secure
access to the applications, and protection of data communication over public networks.
However, VPN is vulnerable to cyber-attacks when the access control is seriously flawed.
4.5.2 Data warehouse
The SQL-based data warehouse acts as the only source of strategic information for strategic
decisions. It is suitable for WWW application as the volumes of data exported by the SCADA
system to the centralised data warehouse is the measured data (e.g. kilowatt-hour, speed,
pressure, flow etc.). The numerical operations are supported for the transformed and
structured big data to provide real-time analytically processed data (Bicevska & Oditis,
2017).
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One of the benefits of using the SQL-based data warehouse is that management are not
required to know the technologies to visualise data and understand the numerical data as
the descriptions are clearly provided. The disadvantage of the SQL-based data warehouse is
the lack of support of semi-structured and unstructured data compared to the NoSQL-based
data warehouse.
4.5.3 Business intelligence
Business intelligence (BI) is used to provide information to perform actions required to
optimise the processes. BI tools facilitate self-service to the SQL-based data warehouse for
knowledge workers to extract special information that normal reporting does not produce.
The benefit of using BI is the efficiency and improved decisions making (Larson & Chang,
2016). One of challenges of the success of BI systems is the system integration issues.
4.5.4 SCADA system
The SCADA system collects big data from sensors and instrumentation in the WWW plants
and transmits big data to the data warehouse for storage and processing by big data
technology (e.g. Hadoop) before it is extracted by the SQL database or BI as information for
use by management. The SCADA system is composed of an integration of Programmable
Logic Controllers (PLC), Human Machine Interface (HMI) and other hardware modules. The
principal role of the SCADA system is to control and monitor field devices (e.g. sensors,
instruments) remotely, and to automate processes.
The key benefits of the SCADA system are the ability to automate processes, increase
efficiency, and provide plant data to the ERP system. The challenge is to protect and secure
SCADA system from prevalent cyber-attacks.
4.5.5 The Enterprise software system
One of the dominant Enterprise software for ERP is SAP (Rashvanlouei et al., 2015), which
is used by the WWW utilities to integrate business processes, operations and functions such
as finance, human resources, and purchasing. The ERP software system can link the SQL
database and data warehouse to share the data from the SCADA systems as illustrated in
Figure 4.7. The Enterprise system requests and presents up-to-date data visualisation from
the SQL database for management to make correct decisions to enhance performances.
The key benefits of using ERP software systems are the complete visibility of all activities in
the plant, operational performances enhancement, and seamless data sharing and analysis
of the WWW processes. However, there are also challenges related to the implementation of
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the ERP software systems, such as reengineering new processes and integrating the
systems (Loonam et al., 2018).
This study is using the Enterprise software system for the results of System A, System B and
System C, and the application of this has the potential advantages of optimising energy and
management, maintenance and energy efficiency. To illustrate the application of the
Enterprise software system, the demonstrations of the above-mentioned systems are
provided in the following subsections.
4.5.6 System A energy and management optimisation
System A uses EMS/LMS system illustrated in Figure 4.8 to optimise energy and
management, and the way in which the system accomplishes the energy and management
optimisation is discussed.
The energy and management system for SCADA uses current sensors and the digital
product integrated into the low voltage power distribution switchgear to collect energy
consumption data based on measured current and voltage signals. The collected data is
stored by energy server of SCADA before transmitted to the cloud. The energy and
management system for SCADA exports the data to the cloud through a secure VPN tunnel
for processing by EMS/LMS software analytics. The real-time energy monitoring data is
generated and visualised on the dashboard of the Enterprise System by EMS/LMS software
analytics. Energy monitoring visualisation enables management to identify energy-intensive








































Figure 4. 8: The optimisation of energy and management using EMS/LMS system (derived
from source: Nakhostin et al., 2017).
Through a software tool, the digital product illustrated in Figure 4.8 enables the workers to
configure the energy consumption target and the list of non-critical loads to be switched off
when the energy consumption target is exceeded. When the actual energy consumption
exceeds the energy consumption target, the EML/LMS software analytics captures the
exceeded threshold and sends alerts. The command signal is sent to the downstream
switching devices (MCCBs) by the digital product to disconnect the non-critical load from the
supply transformer. The disconnected loads are reconnected according to the configured
priority when the actual energy consumption drops below the energy consumption target.
4.5.7 System B maintenance optimisation
System B uses CBM system illustrated in Figure 4.9 to optimise maintenance, and the way
in which the system accomplishes the maintenance optimisation is discussed.
The maintenance system for SCADA uses wireless smart sensors installed on the critical
pumps and motors to collect the data. The data server reads the operating data of the
pumps during operation. The maintenance system for SCADA transfers the data to the cloud
via secure VPN to a secure CBM software analytics in the cloud. The data is analysed by the
CBM software analytics and the analysed information is presented as a predictive
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maintenance report to the management. The predictive maintenance report is used by
management to schedule the maintenance of critical pumps and motors so that minimal
interruption of water purification process is permitted during execution of maintenance, and
































Figure 4. 9: The optimisation of maintenance using CBM system
4.5.8 System C energy optimisation
System C uses VSD system illustrated in Figure 4.10 to optimise energy efficiency, and the





































Integrated System Cloud Service
Provider
Figure 4. 10: The optimisation of energy using VSD system
In the secondary treatment process of the wastewater treatment, the dissolved oxygen (DO)
instrument is used to measure the concentration of oxygen in the wastewater aeration tank.
The PLC receives the analogue signal from the DO instrument to command the VSD to
adjust the speed of the aerator according to the set points. When the Dissolved Oxygen is at
minimum, the VSD adjusts the aerator speed (aeration flow) to 80% speed so that the
maximum oxygen is generated to match the demand requirements of the system to increase
the microorganisms to break organic matter into pieces. When the DO is over the required
level, the VSD adjusts the aerator speed (aeration flow) to 50% speed.
The system data is collected by the field PLC, instrumentation and VSD’s internal sensors.
The device server reads the data from the field PLC. The VSD system for SCADA exports
data to the VSD software analytics in the cloud through the VPN secured tunnel. The VSD
software analytics presents the real-time report of energy consumption to the management.
4.6 Conclusion
In this chapter, the analysis of collected data from System A, System B and System C is
carried out and the key findings or results are discussed. The integration of Enterprise
software system with proposed systems to optimise energy and management, maintentance,
and energy efficiency are also discussed. Chapter 5 presents a summary discussion of the
conclusion, limitations and recommendations of the study.
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Chapter 5: Summary and Conclusions
5.1 Introduction
This chapter provides a summary of the aim and objectives, the literature review,
methodology and the interpretation of the key findings or results. The conclusion is
discussed based on the knowledge gained from the results of the case studies to ascertain
whether the research questions were met. The limitations, recommendations as well as
further studies are also discussed.
5.2 Summary
The aim of the study is to investigate the application of digital products in the WWW industry
in SA and to gain insight into the data and energy management, maintenance, and energy
saving practices employed by WWW utilities.
The literature review highlights the importance of conserving potable water by treating
wastewater and reusing treated wastewater to sustain the availability of potable water
required to create social, financial and economic development benefits. The literature study
further provides an overview of challenges in the WWW industry and digitalisation or
Industry 4.0 technologies.
The literature review and case study method are the research methodology used for this
study to collect data from three large WWW utilities in GT province of SA. The summary of
the interpretation of the key findings or results is discussed in the following subsection.
5.2 Interpretation of the Key Findings
The result obtained by using a proposed EMS/LMS to optimise energy and management of
Sub-System A1 proves that using EMS/LMS provides the potential opportunity of energy
management when the non-critical loads (e.g. air conditioners) are disconnected to prevent
exceeding the energy consumption target of Sub-System A1. The disconnection of Air-con 1
during maximum energy demand has the potential to reduce the energy demand of Sub-
System A1 by 19.6 kW.
The result obtained by using a proposed CBM system to optimise maintenance of System B
water purification plant provides the potential opportunity to reduce cost when downtime is
reduced. By reducing downtime of System B water purification plant from five hours to two
hours, a potential cost saving of R30 000.00 is achieved.
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Based on the result achieved by using a proposed VSD system to optimise energy efficiency
of the aeration process of Sub-System C1, a potential energy saving of 62% is achieved. By
using VSD system to control the speed of the aeration process, a significant potential energy
savings is possible.
The above-mentioned potential opportunities provided by EMS/LMS, CBM and VSD systems
answer a research question of the opportunities for the application of digital solutions in SA.
The application of digital solutions in the WWW industry has a major impact on minimizing
energy usage and cost and reducing downtime and cost as proven by the result of the case
studies using proposed VSD and CBM systems. These positive economic impacts answer
the question of the quantitative impact of the application of digital solutions in the WWW
industry.
The literature review answers a research question of emergent and thematic global energy
and data management practices in the WWW industry. Based on the literature review,
utilities that adopt global energy practice develop energy policy, targets, objectives and
action plans connected with critical energy use based on ISO 50001:2011 framework to
optimise energy efficiency. The utilities that adopt global data management practice develop
data management policies based on ISO 8000 framework to deliver quality and reliable data.
5.3 Limitations
The limitation of the literature studies on the application of digital products in the WWW
industry, with specific focus on energy and management, maintenance and energy savings,
makes it difficult to compare prior studies with this research. Therefore, it can be suggested
that this study is one of the few that has given in-depth research attention in this domain in
SA.
There is limited access to the maintenance cost data of System B to work out the
comprehensive maintenance costs of the corrective maintenance practice. This lack of
access to comprehensive maintenance costs has prohibited a further analysis of cost and
benefits.
5.4 Recommendations
The research study recommends the use of EMS/LMS, CBM and VSD systems in WWW
industry to deal with energy and management, maintenance and energy optimisation
challenges.
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The research study also recommends for further study that an investigation of the blockchain
cyber-security technology in the industry be conducted for the protection of the Enterprise
integrated systems data and access control, including exploring the benefits, technologies,
tools and methods.
5.5 Conclusions
The potential opportunities of digital solution in the WWW industry in SA are enormous.
Based on the key findings, EMS/LMS provides potential opportunities to optimise energy and
management by preventing maximum energy demand. CBM system provides the potential
opportunity of cost savings by reducing downtime cost and VSD system provides potential
opportunity of energy savings of the aeration process by controlling the speed of the
aerators.
The emergent and thematic global energy and data management practices in the WWW
industry contribute significantly to reducing energy usage and improving quality of dataset
gathered by the utilities. The WWW utilities who adopt global energy management practices
use 30% less energy than utilities who do not. The ISO 50001:2011 Energy management
system standard recommends utilities to develop energy policies, targets, objectives and
action plans connected with critical energy usage. The ISO 8000 data management standard
recommends utilities to develop data management policies to reduce errors in the collected
dataset.
The application of digital solutions in the WWW industry brings about positive economic
impact of reducing energy cost and downtime cost by using VSD and CBM systems.
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Appendix 1
1. System A case study
In Systems A, power consumption data of the subsystems or wastewater treatment works is
manually collected every day from the energy meters installed in the low voltage power
distribution switchgear panels. The visual representation of the energy monitoring data in
real time is not available. Energy management is not practiced to prevent exceeding the
maximum energy demand. It is not feasible to disconnect loads of the treatment process to
prevent exceeding the power consumption target, as all the process loads are required for
the process. However, there are thirty-two 3.5 kW air conditioners in the building of the plant,
which is divided into four blocks. The air conditioners are not part of the main process of the
wastewater treatment and therefore are considered non-critical equipment.
Each wastewater works has a standby generator that is only used when there is a power
failure to prevent untreated effluent to spill into the river system.
The power consumption and consumption target data for June 2019 of all System A
wastewater works are illustrated in Table 6.1.
Table 6.1: Power consumption of System A WWTPs (source: System A).






Sub-System A1 381.78 353.08 358
Sub-System A2 753.75 586.94 600
Sub-System A3 483.94 462.04 358
Sub-System A4 269.54 240.43 300
Sub-System A5 358.46 354.99 363
Sub-System A6 221.85 341.23 400
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2. System B case study
System B water purification plant has an average of 120 motors and pumps of different
kilowatts sizes. Each booster pump station has an average of 32 pump sets. The critical
motors and pumps have conventional sensors to monitor vibration and operating
parameters. The PLC monitors the status of the sensors, and records failure events. The
disadvantage of this condition monitoring system is the lack of data collection and storage
for advanced processing to provide predictive maintenance data.
It is estimated that less than 10 pumps failed unexpectedly during the past year and time
spent on replacing the motor depends on the size of the motor. The large pumps require 1 to
2 days to be replaced due to the amount of work to be carried out, to remove and install the
replacement pump and proper alignment of the pump. However, small and medium pumps
require less than 8 hours to be replaced.
3. System C case study
In System C, Sub-System C1 has ten 55 kW aerators split into two rows, each controlled at
full speed, There are two dissolved oxygen (DO) meters installed in the aeration area. The
aerators use the highest energy of the total energy consumption of the wastewater treatment
works as illustrated in Table 6.2. There is a potential to reduce the excessive energy used by
aeration process when the constant speed aeration process is replaced by a VSD system.
Table 6. 2: A breakdown of energy usage of Sub-System C1 (source: Musvoto & Ikumi,
2016).
Process Electricity Used, kWh Breakdown of Total Energy Usage
Screens 8,010 0.2
Degritter 10,502 0.3
Influent Screw Pumps 241,016 7.2
Sludge Recycling Pumps 33,856 1.0
RAS pumping 170,558 5.1
Aeration 2,465,227 74.0
Mixers 101 0.0
WAS Pumps 226,742 6.7
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Process Electricity Used, kWh Breakdown of Total Energy Usage
Clarifiers 11,098 0.3
Other Pumping 70,261 2.1
Chlorination 8,820 0.3




Table 7.1: Energy/power consumption and consumption target in kWh/ML (source: System
A).





Sub-System A1 382 358
Sub-System A2 754 600
Sub-System A3 484 358
Sub-System A4 270 300
Sub-System A5 358 363




Sub-System A1 0.38 0.36
Sub-System A2 0.75 0.60
Sub-System A3 0.48 0.36
Sub-System A4 0.27 0.30
Sub-System A5 0.36 0.36
Sub-System A6 0.22 0.40
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Table 7. 3: Energy/power consumption and European baseline energy vs Average energy
consumption in kWh/m3 (source: System A).




Sub-System A1 0.38 0.70 0.41
Sub-System A2 0.75 0.70 0.41
Sub-System A3 0.48 0.70 0.41
Sub-System A4 0.27 0.70 0.41
Sub-System A5 0.36 0.70 0.41




































































kWh/MI 7.69 7.76 9.59 9.84 9.71 9.48 7.63 7.34 9.01 9.37 9.61 9.69 9.53 7.83 7.50 270
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Appendix 3
1. The calculation of existing availability and MTBF of System B
It is assumed that the operating hours of the pump per year is 8760 hours.
The following data is obtained from Table 4.2 and is used by equations below.
 Average number of failures per year = 5
 Replacement time = Unscheduled maintenance downtime = 5 hours
 Downtime cost per hour = R 10 000.00
The Mean Time Between Failures (MTBF) of the pump is calculated using equation below.
 MTBF = = 8760 / 5 = 1752 hours
The existing availability of the pump is calculated using the equation below.
Availability =   = 1752 / (1752 + 5) = 0.997
Where;
MTR = Mean Time To Restore = Maintenance downtime
2. The calculation of reduced downtime and downtime cost of System B
It is assumed that the pumps are developed to satisfy the availability of 0.9988. The
downtime cost is estimated at R10 000.00 per hour of downtime, and MTBF is 1752 hours
from above calculation.
Scheduled maintenance downtime =
         = ((1 / 0.9988) -1) * 1752 = 2 hours
Scheduled maintenance downtime = Reduced downtime = 2 hours
Reduced downtime cost = Reduced downtime * Downtime cost
                                        = 2 * 10 000.00   = R 20 000.00
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